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Abstract. Soils associated with halophytic plants naturally contain a number of ubiquitous microbial
communities facing limited nutrients and harsh environmental conditions including salinity and
drought. In the present study, metagenomic sequencing of 16S rRNA was used to analyze and classify
bacterial communities of the soil associated with halophytic plants Halopeplis perfoliata and
Zygophyllum album collected from various soil samples located in the seacoast of Jeddah province,
Saudi Arabia. Analysis of the 16S rRNA sequences at the taxonomic phylum-level revealed that
bacterial communities in the soil samples belonged to nineteen phyla, and the most abundant were
highlighted for further analysis. Results indicated that the most common phyla were Protecbacteria,
Actinobacteria, Firmicutes, Bacteroidetes, Deinococcus-Thermus, Gemmatimonadetes, and an
unclassified phyla. At the taxonomic genus-level, the most abundant ones were highlighted for further
analysis which include Marinicauda, Altererythrobacter, Maricurvus, Marinobacter, Porticoccus,
Salicola, and three unclassified genera were found belonging to Proteobacteria. Actinopolyspora,
Geodermatophilus, Propionibacterium, Euzebya and four unclassified ones were found associated with
Actinobacteria.  Bacillus,  Staphylococcus,  Paenibacillus,  Lactobacillus,  Streptococcus,
Symbiobacterium, and one unclassified genus were found in Firmicutes. Salegentibacter,
Haliscomenobacter, and one unclassified genus of Bacteroidetes. Truepera was found in Deinococcus-
Thermus and Gemmatimonas was found in Gemmatimonadetes. Studying taxonomic, phylogenetic, and
functional diversity of soil microbiome will provide a better understanding for novel candidates that
can be selected as biological agents to improve agricultural and industrial practices.
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Introduction

Soil is probably the most complex and dynamic natural ecosystem providing a
favorable environment for the growth and production of huge number of
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microorganisms depending on the soil pH, chemical and physical properties (del
Carmen Orozco-Mosqueda et al., 2018), and geographic positions (Bui, 2013). These
microorganisms play a critical role in regulating plant life cycle and health through
biomass decomposition, soil fertility, and cycling of nitrogen, carbon, and other
nutrients. Thousands of bacterial, archaeal, and eukaryotic taxa can be found in every
gram of soil and this taxonomic diversity is reflected by the diversity of their
biological compositions that effect their functions. Moreover, these heterogenous
microbial communities can live either as a free-living or symbiotic and their influence
can vary from pathogenic to beneficial, or mutualistic (Chaparro et al., 2012; Fierer et
al., 2012).

Plant growth-promoting bacteria (PGPB) are a collection of unrelated bacteria that
are found in symbiotic relations with plants and have been adapted as a sustainable
alternative for crop production. PGPB can be found in the rhizosphere, epiphytes by
attaching the surface of plants roots or leaves, or inside the plant tissues as endophytic
bacteria (de Zelicourt et al., 2013; Timmusk et al.,, 2017). Soil salinity can
significantly affect the growth of many plants (Waskiewicz et al., 2013). However,
PGPB promote the growth of plants under harsh environmental conditions including
draught, high salinity, and temperature (Majeed et al., 2020). Microorganisms live in a
relationship with plants are able to stimulate plant growth by directly obtaining
nutrients (nitrogen, iron, phosphate) or regulating the hormone levels including auxins
and ethylene, and also by indirectly preventing pathogens from attacking plants
(Glick, 2012).

Halopeplis perfoliata plants are halophytic and desert plants that are mostly found
in association with symbiotic bacteria in order to stand harsh environmental
conditions (Etesami and Beattie, 2018). They can withstand and grow in dry seasons
and are mainly found in arid and semi-arid regions and wetlands with high salinity
(Etesami and Beattie, 2018; Majeed et al., 2020). Moreover, H. perfoliata have
various ecological and industrial benefits including soap and glass industry (Rasool et
al., 2017; Zreik, 1990; Al-Oudat and Qadir, 2011). Zygophyllum album is another
example of halophytic plants that live in the same community of H. perfoliate. It was
known as wild desert medicinal plant that was used in folkloric medicine as a diuretic
(Mnafgui et al., 2012; Tigrine-Kordjani et al., 2011), local anesthetic (ElI Ghoul et al.,
2011), and for treating various disorders including diabetes mellitus, rheumatism,
gout, asthma (Tigrine-Kordjani et al., 2011).

Numerous studies have used the metagenomics approaches in order to understand
the soil microbial communities of different ecosystems from different soils collected
from cold and hot deserts, forests, grasslands and tundra (Baeshen, 2017). However,
very few of them have focused on microbial communities of soils associated with
halophytes. It is important to understand how soil microbiome interacts and promotes
halophytes to grow and sustain under abiotic stress conditions, and how these
halophytes respond to these diverse microbial communities. Such interaction will
reveal a huge diversity of microorganisms that are able to foster the growth of diverse
crop plants under various biotic and abiotic stresses and can be used as biological
agents in numerous industrial and medical applications (Majeed et al., 2020).

The work presented in this study was aimed to discover the microbial diversity
found in soils associated with halophytes. We use the metagenomic approaches in
order to discover novel promising prokaryotic candidates that can be used as plant
growth promoting bacteria and biomolecules of industrial importance.
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Materials and methods
Sample collection

The study area was located in the seacoast of Jeddah (Particularly from the Southern
Corniche), Saudi Arabia with latitude: 21.13°08.3” N and longitude: 39.10°29.7” E and
altitude: 3 m above sea level. The climate in the Jeddah region is classified as hot, arid,
and sandy with a lower amount of rainfall and an average temperature in January on the
day ranges between 26-33 °C. Despite all these characteristics, the halophytic plant
Halopeplis perfoliata and the Zygophyllum album as a member of H. perfoliata
communities grow significantly in this region.

Sampling was carried out on the 9™ of January 2019 at noon and the temperature was
35 °C. A total of four soil samples associated with two halophytic desert plants namely
Halopeplis perfoliata and Zygophyllum album were collected. Two samples from the
rhizosphere of each plant with a depth of 10 cm beneath the first layer and two samples
from the crust soil samples associated with Halopeplis perfoliata and Zygophyllum
album. in addition, one plant free soil sample was collected from a nearby area that has
no plant growth and was used as a control. An amount of 10 g soil was collected from
each sample and were immediately kept in dry ice and store in -80 °C until further
analysis. Samples codes were as the following; control sample (L3. S3 Control),
Halopeplis perfoliata rhizosphere sample (L1.S1.R), Halopeplis perfoliata crust sample
(L1.S1.C), Zygophyllum album rhizosphere sample (R3), and Zygophyllum album crust
sample (C3).

Identifications of theses salt tolerance plants of the study was carried by our team
member, Professor Nabih A. Baeshen as compared to the collection of the preserved
specimens in the herbarium of the Department of Biology, Faculty of Science, King
Abdulaziz University (Batanouny and Baeshin, 1982, 1983; Sejiny et al., 1980; Zaki et
al., 1980).

Genomic DNA isolation, PCR amplification, and 16S rRNA gene sequencing

Soil samples were shipped to Macrogen Inc. Company (Seoul, South Korea) and
genomic DNA was extracted from the soil samples. DNA purity and quantification were
evaluated using the Picogreen (Invitrogen, cat. #P7589) fluorescence-based
quantification method.

Bacterial V3-V4 16S rRNA gene regions fragments was amplified by PCR with the
universal primers (Bakt_341F: CCTACGGNGGCWGCAG) and (Bakt 805R:
GACTACHVGGGTATCTAATCC). The PCR amplification program was performed
using an initial denaturation at 94 °C for 5 min, followed by 30 cycles of denaturation at
94 °C for 30 s, annealing at 57 °C for 40 s, and extension at 72 °C for 1.30 s with a final
elongation at 72 °C for 10 min (Rawat and Joshi, 2019).

Purified amplicons were used for library construction and deep sequencing on an
Illumina SBS technology to recover 300 bp pair-end reads of the V3 and V4 regions.

16S dataset processing and statistical analysis

Raw sequencing data was analyzed using Quantitative Insights into Microbial
Ecology (QIIME) software (http://giime.org), which is a bioinformatics open-source
tool used in performing microbiome analysis from raw DNA sequencing data that is
generated on the Illumina or other sequencing programs. Furthermore, QIIME offers
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quality pretreatment of raw reads, OTU picking, taxonomic assignment, and
phylogenetic reconstruction, and diversity analyses and graphical displays (Caporaso et
al., 2010).

V3-V4 16S rRNA sequence reads were filtered and trimmed using the CD-HIT-OTU
software (http://weizhongli-lab.org/cd-hit-otu/). The FLASH software
(http://ccb.jhu.edu/software/FLASH/) was used for merging paired-end reads from next-
generation sequencing experiments to eliminate the low-quality sequences. Operational
taxonomic units (OTUs) were used to linked and classified unique sequence set with a
cutoff of 97% identity. The Ribosomal Database Project (RDP) Classifier was used for
taxonomic composition.

Alpha diversity was assessed by Chaol, which was estimated based on the report that
came from Macrogen (Chao and Bunge, 2002). Shannon and Simpson indices that were
estimated by Mothur software package (http://www.mothur.org) to analyze the
complexity of species. Drawing rarefaction curve was based on calculating OTU
numbers of the extracted tags and detecting the maximum depth allowable to retain all
samples. Beta diversity was detected by calculating the weighted and unweighted
UniFrac distances and plotted through principal coordinate analysis (PCoA). UniFrac
uses the system evolution information to compare bacterial communities’ species
between samples. The highest abundance of each genus was selected and genus level
phylogenetic tree was drawn by Interactive Tree of Life (ITOL) (https://itol.embl.de).

Results
16S rRNA statistical analysis

In the present study, metagenomic approach was used a powerful tool to investigate
the microbial community structure and diversity of five different soil samples associated
with Halopeplis perfoliata and Zygophyllum album. Illumina SBS was used in
analyzing the soil different samples based on the 16S rRNA.

The percentage of the read quality of the five soil different samples is shown in
Figure Al. Total number of sequences reads and the results of the assembly for the five
samples were carried out from FLASH software and is shown in Figure A2 and Table 1,
respectively. Data showed a total of clean sequences reads 546,713 with the highest
value of 126,158 found in H. perfoliata crust sample and the lowest 88,446 value found
in the control sample.

Table 1. Result of assembly of the five soil samples

FLASH Software

Sample name Total bases Read count GC (%) Q20 (%) Q30 (%)
L3S3.Control 39,889,093 88,446 57.84 98.11 93.32
L1S1R 46,175,526 102,358 56.67 98.19 93.67
L3S1C 57,623,348 126,158 55.03 98.24 93.91
R3 55,897,213 124,341 57.98 98.1 93.18
C3 47,494,924 105,410 57.52 98.34 94.08
Total number 247,080,104 546,713

Total bases: The total number of bases in reads identified. Read count: The total number of sequence
reads. GC (%): the GC percentage in sequence reads. Q20 (%): the percentage of bases in which the
phred score is above 20. Q30 (%): The percentage of bases in which the phred score is above 30
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Operational taxonomic unit (OTU) analysis

CD-HIT-OTU program and rDnaTools were used to filter the sequences from any
contamination. Results of clustering of the five soil samples which were assigned to the
OTU is shown in (Fig. 1). The highest value of number of OTUs was 333 belongs to H.
perfoliata crust sample while the lowest was 108 belongs to the control sample.

Result of Clustering
= 1.L3S3.Control
2.LISIR
= 3.L3S1C
m4.R3
»5.C3

Figure 1. Result of clustering. (L3. S3 Control): Control sample; (L1.S1.R): H. perfoliata
rhizosphere sample; (L1.S1.C): H. perfoliata crust sample; (R3) Z. album rhizosphere sample;
(C3) Zygophyllum album crust sample

Community richness and diversity

Alpha diversity was applied to study the complexity of species through several
indices; A. Chaol value describes richness estimates for an OTU definition. B. Shannon
value describes the species diversity of the community that affected by both species’
richness, and species evenness. C. Inverse Simpson value which represents the
probability that two randomly selected individuals in the habitat will belong to the same
species. Table 2 shows the results of the OTUs and the alpha diversity metrics (Chaol,
Shannon, Simpson) on each sample. The number of OTUs on each sample is shown in
Figure 2. Different curves based on observed Shannon value and Inversed Simpson
value is shown in Figure 3 and alfa rarefaction curve observed is shown in Figure 4.

OTUs

m 1.L3S3.Control
2.L1SIR

m3.L3SI1C

m4R3

m5C3

Figure 2. The number of OTUs generated for each sample. (L3. S3 Control): Control sample;
(L1.S1.R): H. perfoliata rhizosphere sample; (L1.S1.C): H. perfoliata crust sample; (R3) Z.
album rhizosphere sample; (C3) Zygophyllum album crust sample
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Figure 3. Different curve based on observed Shannon value and inversed Simpson value. (L3.
S3 Control): Control sample; (L1.S1.R): H. perfoliata rhizosphere sample; (L1.S1.C): H.
perfoliata crust sample; (R3) Z. album rhizosphere sample; (C3) Zygophyllum album crust
sample
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Figure 4. Alfa rarefaction curve observed based on observed species (OTUs) value. (L3. S3
Control): Control sample; (L1.S1.R): H. perfoliata rhizosphere sample; (L1.S1.C): H.
perfoliata crust sample; (R3) Z. album rhizosphere sample; (C3) Zygophyllum album crust
sample

Principal coordinate analysis (PCoA) was used in order to show the diversity and
differences of OTU composition in the different soil samples. PCoA based on OTU
abundance of different samples and the unweighted UniFrac that refers to unique
species is shown in Figure 5. The red triangle indicates to the control sample. The blue
square indicates to the rhizosphere of Halopeplis perfoliata. The orange triangle
indicates to the crust of Halopeplis perfoliata. The green circle indicates to the
rhizosphere of Zygophyllum album. The Purple triangle indicates to the crust of
Zygophyllum album. Similarity is high between samples when they are closely located.
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Table 2. Community richness and diversity

Community richness and diversity

Sample name OTUs Chaol Shannon Inverse Simpson
L3S3.Control 108 111 4.739486514 0.923819556
L1SIR 118 118 5.135939679 0.939106837
L3S1C 333 343 5.799493094 0.958314098
R3 330 330 6.429642998 0.978116633
C3 190 190 6.747126231 0.985840649

Chaol: Species richness estimators estimating the total number of species present in a community by using the
frequency of occurrence of rarer OTUs. If a sample contains many singletons or doubletons, it is likely that more
undetected OTUs exist, and the Chao 1 index will estimate greater species richness than it would for a sample
without rare OTUs

Shannon: A quantitative measure that reflects the number of different types (species) present within a dataset. It
also simultaneously takes into account of how evenly the basic entities (individuals) are distributed among those
types

Inversed Simpson: An indication of how evenly the species are distributed and measures the degree of
concentration when individuals are classified into species
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Figure 5. Beta diversity analysis. Unweighted PCoA of UniFrac distances. (L3. S3 Control):
Control sample; (L1.S1.R): H. perfoliata rhizosphere sample; (L1.S1.C): H. perfoliata crust
sample; (R3) Z. album rhizosphere sample; (C3) Zygophyllum album crust sample

Taxonomic classification at the phyla and genera levels

Phylogenetic tree based on 16S rRNA showing the diversity and taxonomy of
bacteria isolated from the five different soil samples at both the phyla and genera levels
are shown in (Fig. 6). A phylogenetic tree is a diverging schema presenting the inferred
evolutionary relationships among diverse biological taxa constructed upon similarities
and differences in their physical or genetic features. The shorter the length of the
branch, the closed evolution distance between taxa. Moreover, phylogenetic tree can
explain the species evolution relationship in addition to the taxa composition and
abundance analysis.
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Figure 6. Un-rooted phylogenetic tree based on 16S rRNA gene sequence representing the
diversity of bacteria isolated from the various soil samples at booth the phylum and genus level

Results of the bacterial communities in the five soil samples at phylum-level
taxonomic distribution showed that they are belongs to nineteen phyla, and the most
abundant of them were highlighted for further analysis. The results indicated seven most
common phyla which are Proteobacteria (199 genera), Actinobacteria (47 genera),
Firmicutes (39 genera), Bacteroidetes (33 genera), Deinococcus-Thermus (one genus),
Gemmatimonadetes (one genus), and unclassified phyla (one genus).

Analysis of the bacterial communalities at the phylum classification showed that
Proteobacteria and Bacteroidetes were the most found in the sample collected from the
crust of the H. perfoliata (3.L3.S1.C) (Fig. 7A, B). Actinobacteria and Firmicutes were
significantly showed in the samples collected from both the rhizosphere and the crust of
the Zygophyllum album (4.R.3 and 5.C.3) (Fig. 7C, D). Gemmatimonadetes were found
in the control sample and the rhizosphere of the H. perfoliata sample (Fig. 7E).
Deinococcus-Thermus was found in the control sample followed by the rhizosphere of
the H. perfoliata sample (Fig. 7F). However, the unclassified phyla were found in all of
soil samples with a significant abundance in the control sample and the rhizosphere of
the H. perfoliata sample (Fig. 7G).

The previously mentioned highly abundant seven bacteria found at the phylum-level
include large numbers of genera, estimated at 321 genera. At the genus level,
Actinopolyspora, Geodermatophilus, Propionibacterium, Euzebya, and four
unclassified were the most abundant found in the Actinobacteria. Salegentibacter,
Haliscomenobacter, and one unclassified genus were found in Bacteroidetes. Whereas
Sphaerobacter and one genus unclassified were found in Chloroflexi. Truepera was
found in Deinococcus-Thermus, and Gemmatimonas was found in Gemmatimonadetes.
Marinicauda, Altererythrobacter, Maricurvus, Marinobacter, Porticoccus, Salicola,
and three unclassified were found in Proteobacteria. Bacillus, Staphylococcus,
Paenibacillus, Lactobacillus, Streptococcus, Symbiobacterium, and one unclassified
genus were found in Firmicutes (Fig. 8).
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Figure 7. bacterial communities at the phylum classification among the samples. (A) The
amount of Proteobacteria among the samples. (B) The amount of Bacteroidetes among the
samples. (C) The amount of Actinobacteria among the samples. (D) The amount of Firmicutes
among the samples. (E) The amount of Gemmatimonadetes among the samples. (F) The amount
of Deinococcus-Thermus among the samples. (G) The amount of the unclassified phyla among
the samples. (L3. S3 Control): Control sample; (L1.S1.R): H. perfoliata rhizosphere sample;
(L1.S1.C): H. perfoliata crust sample; (R3) Z. album rhizosphere sample; (C3) Zygophyllum
album crust sample
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Discussion

Over the past decade, the interest in studying the bacterial diversity in soil salinity
and the hot desert has increased due to global climate change with arid regions
believed to be more vulnerable (Osman et al., 2016). The purpose of the presented
study was to discover the bacterial diversity that inhabit salty soil associated with
halophytic plants, which located in the Southern Corniche of Jeddah, Saudi Arabia, in
order to pinpoint beneficial strains that promote crops to survive with different
environmental stress and have several industrials outcomes. Bacterial cultivation-
based isolation methods, which are commonly used, are not very effective due to the
limitation of several factors including media compositions, nutritional and
environmental requirements of soil microbial communities (Fierer et al., 2012). Our
microbiome analysis involves sampling collection, processing, NGS sequencing, and
bioinformatics analysis to provide composition of those microbiota populations
associated with halophytes. Five various soil samples were collected from different
locations of the same area which included; the rhizosphere and crust of both the H.
perfoliata and the Z. album plants. The fifth sample was collected from an area that
has no plant and was considered as a control. Amplification of the v1-v3 bacterial 16S
rRNA genes regions by PCR detected bacterial biodiversity in these extreme
conditions. Therefore, 546,713 high-quality sequences were obtained and classified at
the phylum and genus levels, and the differences between bacterial combinations were
studied in the five soil samples. The richness and diversity of the bacteria were
examined in each sample, and a slight change was found among the samples (from
108 to 333 OTUEs) in the five samples from the same region.

Sequencing results showed that the taxonomic distribution of the bacterial
communities at the phylum-level indicated nineteen phyla. More importantly,
numerous studies have shown that these bacteria have many environmental and
ecological benefits including plant growth-promoting bacteria (PGPB) (Gupta et al.,
2015). The most dominant phyla among the five different soil samples were
Proteobacteria. Proteobacteria have been used as a biological treatment for various
toxic complexes and as naturally bioactive products (Bodenhausen et al., 2013;
Mukhtar et al., 2018). Moreover, they are well known to be sensitive to climate
change and have a influence on the soil biosphere due to their involvement in the
global carbon, nitrogen and sulfur cycles (Zhao et al., 2018). Actinobacteria were
found frequently in the rhizosphere and the crust of the Z. album samples.
Actinobacteria are commonly used as a source of active antimicrobial biomaterials
(Elbendary et al., 2018). They are also essential in restating the uncontrolled
biomaterials through the decomposition of plants and dead animals. Moreover, they
have a significant function in the production of antibiotics and providing the high
resistance of the UV radiation and dehydration (Barka et al., 2016; Zhao et al., 2018).
Bacteroidetes were shown to be a sensitive biological indicator for agricultural soil
use and they have a potential association between antibacterial and antifungal
performance (Eida et al., 2018; Wolinska et al., 2017). Firmicutes were found to be
more abundance in both of the Z. album samples. They have been used as a prevailing
species among all the marine enzyme-producing microscopic organisms (Divya et al.,
2010). They are able to produce salt stress compounds to overcome salt causing
osmotic pressures (Meena et al., 2017). Gemmatimonadetes were found to be more in
the control and the rhizosphere of the H. perfoliata sample. They are able to live under
aerobic and anaerobic respiration, and this indicates that they can adapt low soil
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moisture (DeBruyn et al., 2011). They also play a major role in the biochemical
transformations (Kadam and Chuan, 2016; Zhang et al., 2003). Deinococcus-Thermus
were found to be significant in the control sample in addition to both of the H.
perfoliata sample and they were known to be highly resistant to harsh environmental
stresses and radiation (Theodorakopoulos et al., 2013). Unclassified bacteria at the
phylum level were found with 2.08% in the crust of the Z. album sample and 14.53%
in the control sample. The emergence of the unclassified bacteria at the phylum-level
may be due to the lack of a reference sequence in the database and theses bacteria
might include a potential candidate that are still not identified.

At the genus-level, several studies have shown the benefits of the bacteria in
agricultural, environmental, medical or industrial applications. For example,
Altererythrobacter, one of the most abundant genera were found in the soil samples,
which fall under the Proteobacteria. Many physiological studies have notified that
Altererythrobacter strains possess degrading activity against rebellious organic
petroleum-derived hydrocarbons (Maeda et al., 2018). Propionibacterium (of
Actinobacteria Phylum) one of the genera that were found in the soil sample and thy
are widely used in many applications including the production of vitamin B12 and
probiotic and cheese industries (Kiatpapan and Murooka, 2002). Bacillus were found
significantly and they are well known as a source of antibiotics and probiotics. There
are a few types of Bacillus that hurtful to human Bacillus anthracis which cause
anthrax and Bacillus cereus that are responsible for the food poisoning. Moreover,
some strains have a greater capacity not only in the soil but also in their ability to
produce compounds that can be used for several applications (Ahmad et al., 2018).
Bacillus subtilis and Bacillus halotolerans were shown to produce
Polyhydroxyalkanoates (PHASs) that were found to be used as an alternative for
petrochemical-derived plastic (Valappil et al., 2007). PHAs were found to be
ecofriendly, biodegradable, biocompatible and microbial thermoplastic (EI-Hamshary
et al., 2018; Zaki, 2018).

Conclusion

This study shows diversity of the microbial communities that present in the soil
associated with stress tolerance halophytic plants located in the Southern Corniche of
Jeddah, Saudi Arabia. The Kingdom of Saudi Arabia is characterized by extraordinary
environments beginning from the brutal desert of the Arabian Peninsula, passing
through the salty areas and saline marshes and ending with the Red Sea which is known
by its exceptional decent variety. Microbial communities inhibited this ecosystem
should be investigated. Our finding showed that rhizospheric microbes can be studied as
biomarkers of plant growth rate as well as its power to survive under harsh
environmental conditions. This will give a better understanding for novel candidates
that can be used as biological agents to improve agricultural and industrial practices. In
addition to the identification of the soil bacterial communities through high-throughput
molecular tools for the characterization of the taxonomic and phylogenetic, future
detailed representation and comparative functional and biochemical studies for the
diversity of the soil microbiome is needed to highlight different metabolic pathways.
Moreover, future correlation between the taxonomic composition and the functional
characteristics of the soil microbiome, will help in the discovery of novel promising
candidates to improve the fate of humankind and its resources.
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APPENDIX

Read Quality by Sample
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Figure Al. The percentage of read quality of the five soil different samples. Q20(%): The
percentage of bases in which the phred score is above 20. Q30(%): The percentage of bases in
which the phred score is above 30. (L3. S3 Control): Control sample; (L1.S1.R): H. perfoliata
rhizosphere sample; (L1.S1.C): H. perfoliata crust sample; (R3) Z. album rhizosphere sample;

(C3) Zygophyllum album crust sample

Read Count by Sample

105,410 m 1.L3S3.Control
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Figure A2. The total number of sequences reads among the five soil samples. (L3. S3 Control):
Control sample; (L1.S1.R): H. perfoliata rhizosphere sample; (L1.S1.C): H. perfoliata crust
sample; (R3) Z. album rhizosphere sample; (C3) Zygophyllum album crust sample
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